HMT-C11 belongs to the family of adducts formed by the cocrystallization of N 4 (CH 2 ) 6 molecules (hexamethylenetetramine or HMT) and aliphatic dicarboxylic acids HOOC(CH 2 ) n À 2 COOH with 5 n 13 (Cn). The adducts exhibit a layered structure in which the packing between HMT and Cn is determined by strong hydrogen bonds. The compounds in this family studied so far present thermotropic structural phase transitions and, depending on the chain length, disordered, twinned and modulated phases. The structure re®nement of HMT-C11 based on X-ray diffraction experiments indicates three distinct phases from the melting point down to liquid nitrogen temperature: phase I is not crystalline; phase II is disordered (stacking fault) and its average structure is described in space group Bmmb; phase III is partially disordered and its symmetry is P2 1 /c. The systematic study of the structure evolution of phase III upon cooling revealed that the disorder has a dynamic character (anharmonicity). The main structural change observed from 293 K down to 93 K is the increase of the tilting angle of the C11 chains relative to the layer plane and the rotation of the HMT molecules. Both HMT and C11 behave like rigid bodies in the temperature range investigated. The quality of the re®nements leads to a conclusive model for the OÐHÁ Á ÁN hydrogen bonds linking HMT and C11.
Introduction
The crystal structure of the highly symmetric hexamethylenetetramine N 4 (CH 2 ) 6 (HMT) molecule was determined by Dickinson & Raymond (1923) at room temperature (RT). It crystallizes in the non-centrosymmetric cubic space group I43m with the lattice parameter a = 7.028 A Ê . All the atoms occupy special positions. No thermotropic phase transition has been reported so far, however, Terpstra et al. (1993) and Kampermann et al. (1995) demonstrated an intrinsic anharmonicity in the H atoms by re®ning the Gram±Charlier coef®cients (Johnson & Levy, 1974 ) from several X-ray and neutron diffraction measurements. Aliphatic dicarboxylic HOOC(CH 2 ) n À 2 COOH acids with 5 n 13 (Cn) crystallize in monoclinic space groups (Mortimer et al., 1958; Housty & Hospital, 1964 , 1965a ,b, 1966a ,b,c, 1967 Sintes et al., 1966; Housty, 1968; Haget et al., 1980; Gao et al., 1994; Bond et al., 2001a,b) . The Cn structures show hydrogen-bonded arrangements forming ribbons extended throughout the crystal. Adjacent Cn molecules are connected by hydrogen bonds between the terminal COOH groups and the interlayer contacts are governed by van der Waals interactions. The dicarboxylic acid structures present different properties according to the parity of the number of C atoms in the aliphatic chain. The acids with an even number of C atoms (Cp; p = even) crystallize in the space group P2 1 /c with two independent molecules per unit cell. In these structures the carboxylic groups of adjacent molecules are related by symmetry (Housty & Hospital, 1964) . The acids with an odd number of C atoms (Cq; q = odd) crystallize in two distinct space groups. The phase, stable at low temperatures, is described in the space group P2 1 /c, whereas the phase, stable at high temperatures (! 343 K), is described in space group C2/c (Dupre Â la Tour, 1932) . In Cq the interlayer interactions delocalize partially the hydrogen at one end of each dicarboxylic chain resulting in similar C O (double) and CÐ O (single) bond distances (Housty, 1968) . Thus, in each chain the two COOH groups are distinguishable and create hydrogen bonds of a different nature.
HMT-Cn are 1:1 co-crystals of HMT and Cn (5 n 13). They all form lamellar structures in which layers of pure HMT stack over layers of pure Cn in the b direction. Consequently, b is correlated with the distance between the layers of the same chemical composition (pure HMT or pure Cn). The stabilization of the adducts is essentially ensured by strong OÐHÁ Á ÁN hydrogen bonds connecting HMT and Cn. Weak CÐHÁ Á ÁO C contacts can also be found. Within an HMT layer CÐHÁ Á ÁN bonds link the HMT molecules. As in pure Cn crystals, the Cn chains are subject to many van der Waals interactions. Interest in investigating this series of compounds is due to their rich structural phase diagrams and the occurrence of modulated structures depending on the chain length and parity of the number n of C atoms in the dicarboxylic chain.
Bussien Gaillard et al. (1996 Gaillard et al. ( , 1998 showed that the RT structures of HMT-C8 1 and HMT-C10 2 are strongly modulated and can be described in superspace group P2 1 /m(0)0s. The OÐHÁ Á ÁN hydrogen bonds at opposite ends of the dicarboxylic acid chains are distinguishable. Whereas a well de®ned OÐHÁ Á ÁN hydrogen bond was con®rmed at one chain end, a delocalization of the H atom was observed at the other end. HMT-C8 and HMT-C10 exhibit a lock-in phase transition at 123 and 291 K, respectively. The HMT-C10 lock-in phase can be described in the space group P2 1 /c as a fourfold superstructure (Gardon et al., 2001 ). This commensurately modulated phase is characterized by two directions in the layers of C10 chains. In one direction a pair of almost parallel chains, having a common orientation, is followed by another pair differing only by a tilt of the plane chain, thus inducing an AABB... sequence. The second direction is characterized by the perfect repetition of one type of con®gurational chain (AAAA... or BBBB...). In HMT-C9, 3 four different phases have been identi®ed in the thermotropic phase diagram. Phase I (! 343 K) is mainly characterized by the existence of incommensurate phases resulting from a competitive interaction between liquid-crystal and crystalline order . Phase II, stable in the temperature range 282 T 350 K, is disordered. Its average structure is described in the non-conventional orthorhombic space group Bmmb (alternate setting of the Cmcm; Bonin et al., 2003) . This phase is disordered and characterized by the presence of strong and well organized rods of diffuse scattering in its diffraction pattern. The disorder has been interpreted in terms of a stacking fault model . Phase III, stable in the temperature range 236 T 282 K, is described in space group P2 1 /c. Its structure is characterized by a twinning induced by the II A III phase transition (Hostettler et al., 1999) . The low-temperature phase IV of HMT-C9 has the same symmetry as phase III but presents a doubling of one lattice parameter, leading to a structure similar to the lock-in phase of HMT-C10 (Gardon et al., 2001) . HMT-C6 crystallizes in space group Cmcm (Li et al., 2001) . The crystal structure is ordered and shows a one-dimensional OÐHÁ Á ÁN hydrogenbonded ribbon. As in crystals of pure C6 acid, the threedimensional packing of HMT-C6 is characterized by a number of weak van der Waals interlayer contacts.
This work presents a systematic study of the temperature evolution of the structure of HMT-C11, the adduct formed by hexamethylenetetramine and undecanedioic acid. From the melting point down to liquid nitrogen temperature three different structural phases were observed (Fig. 1) . Phase I seems to be similar to the high-temperature phase of HMT-C9 . Phase II is disordered and its average structure is described in orthorhombic space group Bmmb. Its diffraction pattern is characterized by the presence of strong and regular diffuse scattering rods. This phase is described with the same stacking fault model as used for the corresponding phase of HMT-C9 and HMT-C7 4 (Gardon, Pinheiro & Chapuis, 2003) . Phase III, which is stable between 323 and 93 K is described in space group P2 1 /c. This phase is similar to the lock-in phase of HMT-C10 and phase IV of HMT-C9 (Gardon et al., 2001) with the advantage that in HMT-C11 the temperature range stability is larger and that the crystals present macroscopic monodomains.
In the re®nements of the HMT-Cn structure performed so far (Bussien Gaillard et al., 1996 , 1998 Hostettler et al., 1999; Gardon et al., 2001; Bonin et al., 2003) the COOH groups are disordered or present large anisotropic displacement parameters (ADPs). Considering the key role played by the O atoms linking the HMT and Cn molecules, it is particularly interesting to understand the behaviour of the COOH groups as a function of temperature. With this aim the character of the disorder observed in the O atoms was analyzed by comparing the re®nements performed with split-atom positions and anharmonic displacement parameters. According to Bachmann & Schulz (1984) a differentiation between these two models can only be inferred from the thermal evolution of the probability density function (PDF) and/or one particle potential (OPP) within a single phase. A detailed evaluation of the H atoms displacements provided additional information on the constraints imposed on the COOH group upon cooling.
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Finally, relevant parameters for the structural phase transitions observed are also pinpointed.
Experimental

Crystal growth and characterization
In order to synthesize HMT-C11, equimolar amounts of reagent-grade HMT and undecanedioic acid (Fluka) were dissolved in ethanol. The solution was kept at constant temperature and after the complete evaporation of the ethanol, a homogeneous white powder was obtained. Suitable samples for X-ray diffraction studies were grown by slow evaporation of a new solution containing the HMT-C11 raw powder and acetonitrile around room temperature (Bussien Gaillard et al., 1996) . Single crystals obtained by this procedure exhibit a preferentially hexagonal tabular habit and are macroscopically twinned. Monodomain samples are obtained by cutting the twinned samples. Differential scanning calorimetry (DSC) analysis of the raw powder as well as ®nely ground crystals of HMT-C11 revealed two thermotropic phase transitions between the melting point and 120 K (Fig. 1 ).
Data collection and reduction
Two samples of HMT-C11 have been investigated by singlecrystal X-ray diffraction. The ®rst sample was used for a data collection performed at 324 K on an Oxford CCD diffractometer. The CrysAlis software package (Oxford Diffraction, 2001 ) transformed the CCD frames into integrated intensities. A second sample was used for all the remaining measurements performed at 293, 273, 243, 213, 183, 153, 123 and 93 K on a Stoe IPDS diffractometer. The Stoe IPDS program suite (Stoe, 1997) was employed to integrate the intensities. The samples were cooled and heated with a nitrogen gas stream controlled by an Oxford Cryostream apparatus (Oxford Cryosystems, 1997) . The temperature stability was always better than 1 K. All the measurements were carried out with sealed-tube Mo K graphite-monochromated radiation. Sample characteristics as well as the relevant data reduction parameters are summarized in Table 1 . In order to ensure a direct comparison of the re®ned quantities, all the data sets below 300 K have been systematically limited to a resolution of 0.85 A Ê .
Structure solution and refinements
Phases I and II
The nature of phase I (! 357 K) is currently unknown. The X-ray diffraction experiments performed so far were inconclusive. This phase seems to have a character intermediate between crystalline and liquid±crystalline, similar to that observed in phase I of HMT-C9 . Phase II is stable between 357 and 324 K. In this temperature range a superposition of Bragg re¯ections and diffuse scattering rods are observed in the diffraction pattern. The diffuse rods are parallel to a Ã II and can be indexed by $kl indices, where $ P R; k, l P N (Fig. 1) . The diffuse scattering is associated with a partial disorder of the structure along a II , whereas the crystal remains perfectly ordered in the other two directions. In order to determine the average structure of phase II only Bragg re¯ections have been taken into account. The starting structural model was obtained by direct methods using the SHELXS program (Sheldrick & Schneider, 1997) with space group Bmmb. Following the disordered model proposed for phase II of HMT-C9 an average structure was built and the position of all C, N and O atoms, as well as their ADPs have been further re®ned. A total of 106 parameters have been re®ned according to the function wR(F 2 ) using the full-matrix least-squares procedure in the SHELXL program (Sheldrick & Schneider, 1997) . H atoms were added according to the riding model (Johnson, 1970a) . Criterion for observed re¯ections The re®ned structure gives satisfactory results despite the disorder (Table 1 ). The ®nal difference Fourier maps are¯at and do not show peaks above or below AE 0.14 e A Ê À3 .
The result of the re®nement shows that the HMT molecules are linked to C11 chains with two different orientations (Fig. 2a) . Each chain is related to its symmetry equivalent by a mirror plane. Consequently, the occupational factor for each chain is 0.5. In both orientations the acid chains and the HMT molecules are linked by hydrogen bonds. The precise location of the H atom linking the HMT and the C11 molecules was not determined. The O2 atom (double-bonded to the carbon of the carboxylic group) presents an even more complex disorder as evidenced by its large ADPs. In phase III, as discussed in x3.2, the double-bonded O atoms are moving in an anharmonic potential, however, the data quality and chain disorder limited the use of a similar re®nement approach in phase II. In electronic reprint order to improve the structural model of phase II, the O2 atom was further split (O2a and O2b). Besides the splitting the resulting geometry of the COOH group is not chemically reasonable (C O2a 9 1.08 and C O2b 9 1.16 A Ê ) and resembles those observed in HMT-C9 and HMT-C7 (Gardon, Pinheiro & Chapuis, 2003) . Better distances would probably be found by re®ning anharmonic and libration displacement parameters for the COOH group.
Phase III
The structure from the data collected at RT, 273, 243, 213, 183, 153 K, 123 and 93 K have been obtained in space group P2 1 /c by direct methods using the SHELXS97 program (Sheldrick & Schneider, 1997) . The positions of all C, N and O atoms could always be unambiguously assigned to the two independent HMT-C11 molecules. All the H atoms have been localized on consecutive difference-Fourier maps. Initial attempts to re®ne the RT structure using SHELXL97 (Sheldrick & Schneider, 1997) indicated unacceptably large ADPs for the O atoms of the carboxyl groups. Similar re®nements of the lower-temperature measurements (273, 243 and 213 K) con®rmed this unusual feature. Two possible structural models were further investigated. In the ®rst model the O atoms of the COOH groups were considered as statistically disordered and re®ned with split positions subject to constrained C O bond distances. In the second model the O atoms of the COOH groups were re®ned subject to third-order anharmonic displacement parameters (Kuhs, 1992) . This second analysis was performed using the package JANA2000 (Petr Ïõ Âc Ïek & Dus Ïek, 2000) . In both models the H atoms linking the HMT and the C11 molecules were freely re®ned and all the others were supposed to ride on the nearby C atom (Johnson, 1970a) . oxygen ADPs were re®ned independently, but the sum of the occupation parameters for each couple of split atoms was constrained to one. The ratio between the number of re®ned parameters and the number of re¯ections was at least 12 (data re®nement at 293 K). A total of 507 parameters have been re®ned minimizing the function wR(F 2 ) using the full-matrix least-squares procedure for all investigated temperatures.
The distance between the split O atoms decreased upon cooling. At 123 K the atom labelled O2b could no longer be split. For one of the two split atoms some U ij became nonpositive de®nite and its occupational parameter moved to a value close to zero. At 93 K, three out of four O atoms could not be split. Only the disordered O atom labelled O4a could still be resolved: the distance between its two split positions was 0.19 (3) A Ê . This result indicates that the disordered model based on split O atoms is not describing an intrinsic property of phase III but rather modelling the uncommon electronic distribution around the O atoms at high temperatures. Upon cooling it is no longer necessary to use multiple atomic positions to describe the unusual feature in the electron density. For a system with a genuine static disorder, the opposite behaviour would be expected. Following the reduction of the ADPs, the two split positions should be unambiguously resolved and not merge together at a certain temperature. From the above statements and from the analysis of the anharmonic model described in the next section, the description of phase III of HMT-C11 based on the split-atom model was considered somehow arti®cial and will not be further discussed here.
3.2.2. Anharmonic model. The anharmonic re®nement starting model is based on the structure solution obtained by direct methods without split O atoms. In order to maximize the observation-to-parameter ratio, some simpli®cations have been introduced. For instance, analysis of the ADPs of the N and C atoms of the HMT molecule strongly suggests a rigidbody motion, as reported in previous works (Terpstra et al., 1993; Kampermann et al., 1995; Bu È rgi et al., 2000) . Thus, the two independent HMT molecules have not been re®ned individually. Instead, a rigid HMT molecule has been re®ned for each independent position. In addition, the individual ADPs were replaced by a TLS tensor (Johnson, 1970b) . The atomic coordinates of the HMT rigid molecule as well as its translation and rotation parameters were adjusted during the least-squares re®nement. To summarize, in all the re®nements performed with JANA2000, the following strategy was adopted: (i) re®nement of the initial model; (ii) re®nement considering the HMT molecules as rigid bodies with individual ADPs replaced by TLS;
(iii) inclusion of riding H atoms; (iv) re®nement of the third-order anharmonic displacement parameters for the O atoms of the carboxylic molecule. In total, 439 parameters have been re®ned minimizing the function wR(F 2 ) using a full-matrix least-squares procedure. The ®nal residual map does not show peaks above/below AE 0.21 e A Ê À3 at 293 K and AE 0.29 e A Ê À3 at 93 K. Despite the reduction of 68 parameters, the ®nal R values obtained for the anharmonic model are notably smaller than those obtained Figure 4 Relative change of the lattice parameters of HMT-C11 in phase II upon cooling. Lattice parameters at 293 K were used as a reference. The a, c and curves were ®tted with ®rst-order polynomials, while the b and volume curves were adjusted with second-order polynomials. b is the lattice parameter correlated with the distance between the layers of the same chemical nature as indicated in Fig. 3 . with the split-atom model (data not shown). Fig. 2(b) shows the asymmetric unit in this phase.
In phase III the HMT molecules form layers normal to b III , while the two distinct C11 chains (A and B) are aligned in the plane (104), as indicated in Fig. 3 . The planes of the COOH terminal groups have a different orientation at each end of the C11 chains. In A they are rotated by +45 and À39 relative to the best plane de®ning the chain (relative rotation of 84 ), while in B they are rotated by +28 and +11
(relative rotation of 17
). These values refer to the RT structure re®nement. The CÐO and C O bonds are always well de®ned. The O1a,b and the O3a,b atoms form the OÐHÁ Á ÁN hydrogen bonds linking the HMT and C11 molecules. The O2a,b and O4a,b atoms (double-bonded) exhibit a unique neighbourhood: both the number and position of the nearby atoms are different. Their pronounced anharmonic displacement parameters express a high degree of freedom and might be correlated with the change in the nature or number of intermolecular contacts (weak CÐHÁ Á ÁO C bonds) upon cooling.
No remarkable structural change was observed in the re®nements performed within phase III as a function of the temperature. Selected distances between atoms are listed in Tables 2±4. The distances between O and the other atoms do not refer to the oxygen mean positions, but rather to the maximum of the oxygen PDFs, herein named OXam and OXbm (X = 1, 2, 3 and 4). This is a necessary correction since in the high-order re®nements the mean and the standard deviation of the harmonic part include the anharmonic shifts (Kuhs, 1992) . Corrections due to the coupled motions were not taken into account here. The structural parameters for all other investigated temperatures have been deposited. . The evolution of the b(T)/b(293 K) ratio with temperature is described by a second-order polynomial (RMS = 4 Â 10 À4 ) and accordingly the volume ratio was also ®tted with a similar curve (RMS = 1.4 Â 10
À3
). b is the direction normal to the HMT and C11 layers. Since b is the most sensitive parameter it might be concluded that the layer separation is the dominant feature in the HMT-C11 structural packing below the II A III phase transition. In other words the HMT layers can be seen as compact two-dimensional structures contributing to the global three-dimensional packing by simply forcing an angular change of the C11 chains and consequently the contraction (or expansion) of the b lattice parameter.
Acidity of the C11 chain
In the incommensurate structures of HMT-C8 and HMT-C10 deprotonation on one end of the Cn (n = 8, 10) acid chains was observed (Bussien Gaillard et al., 1996 , 1998 . The analysis of the four-dimensional electron density maps led the previous authors to conclude that one hydrogen bridge atom should be partially delocalized within a triangle formed by the two carboxylic oxygen atoms and a nitrogen atom of the HMT molecule 5 Supplementary data for this paper are available from the IUCr electronic archives (Reference: NA0146). Services for accessing these data are described at the back of the journal. determined. Hostettler et al. (1999) pointed out that in phase III of HMT-C9, the C9 chains exclusively adopt two forms, pure carboxylic or pure carboxylate, and that the carboxylic is the most abundant. These conclusions were based on measurements performed on a twinned sample with structural re®nement based on a split-atom model. In the lock-in phase of HMT-C10, all the COOH groups display a clear acid character (carboxylic) despite the rather long OÐH distance (Gardon et al., 2001) .
In the structure re®nements of phase II (324 K), the positions of the H atoms linking the HMT and the C11 molecules were not determined. However, in the investigation of phase III, these H atoms were always found close to the singlebonded O atom of the carboxylic group (O1a,b and O3a,b) . All attempts to split the H atoms between the acid chain and the HMT molecule failed. Nevertheless, the OÐH distances decrease systematically during the cooling (data not shown), enhancing clearly the acid character of the C11 chain. The average OÐHÁ Á ÁN distance is 2.71 (2) A Ê at 293 K and 2.66 (4) A Ê at 93 K. The OÐHÁ Á ÁN distance value does not change systematically during the cooling and the difference in the values might be due to the neglecting of the correlated displacements. Table 3 shows the OÐHÁ Á ÁN, OÐH and HÁ Á ÁN distances as well as the OÐHÁ Á ÁN angles in the four independent COOH groups at 293 and 93 K. Notably Ho1a and Ho3a form the most¯exible OÐHÁ Á ÁN bonds.
Relative C11 chain motion
In phase III the distances and angles between the C atoms within A and B chains are rather constant ( Table 2 ). The overall change in the C-atom positions in each single chain was estimated by superimposing the structures re®ned at different temperatures. The RMS values for the superposition of structures re®ned at T i and T i À 30 K are smaller than 0.008 A Ê and smaller than 0.04 A Ê for the superposition of the structures re®ned at 293 and 93 K. These results indicate that the C11 molecules behave like rigid bodies within the studied temperature interval. Fig. 5(a) shows the superposition of the asymmetric unit of HMT-C11 at 293 and 93 K, in which chain B was taken as a reference. The most remarkable displacements are schematically represented in Fig. 5(b) : the angular changes of chain A and the rotation of its neighbouring HMT molecule. All HMT-C11 displacements are subject to the constraints imposed by the strong OÐHÁ Á ÁN bond between HMT and C11 molecules and by packing interactions which force the HMT to rotate around an axis almost perpendicular to the plane of the chains Figure 8 The displacement parameters of the C atoms in the chains change almost linearly upon cooling and were approximated by the U eq (T) = u l T + v l function (l runs for the C l atoms). Consequently, high u l values indicate the C atoms whose U eq values change more upon cooling. The ®gure indicate the u l values for each C atom l within A (white bars) and B (grey bars) chains.
Figure 9
Absolute change of the most relevant C ijk coef®cients as a function of temperature for each O atom in the carboxylic group. Each coef®cient was ®t according to C ijk (T) = K 1 T + K 2 T 2 , where K 1 and K 2 are arbitrary coef®cients.
Figure 7
Relative rotation of the terminal carboxylic groups upon cooling. The COOH groups of chain A rotate linearly relative to each other, while the COOH groups of chain B hardly rotate at all upon cooling. tilt. Fig. 2(b) shows that the C11 chains in the asymmetric unit have a helical distortion. Thus, no plane de®ning each chain individually can be determined with accuracy. The quantitative relative movement of the chains was determined by calculating the distance between pairs of similar C atoms from different chains (CiaÐCib) at each re®ned temperature. The largest distance changes occur between the terminal CbaÐ Cbb atoms. Fig. 6 shows the behaviour of the distance change of C atoms CbaÐCbb and C1aÐC1b located on the opposite side of the C11 chains. Note that while CbaÐCbb atoms become closer, C1a and C1b move slightly away from each other, indicating that the relative HMT movement on each end of the C11 chain is opposite. Fig. 6 also shows the perfect correlation between the relative displacement of the last C11 chain's C atoms and the N atoms of the HMT participating in the hydrogen bonds N1a i ÐN1b i and N3aÐN3b [(i) 2 À xY À 
Rotation of the carboxylic group
The superposition of the C11 chains discussed above reveals that the COOH planes also rotate upon cooling. The rotation was estimated by calculating the dihedral angles between the best planes de®ning the two terminal COOH groups of each chain type as a function of temperature (Fig. 7) . Upon cooling the two carboxylic groups attached to chain A rotate with a linear temperature dependence relative to each other. The carboxylic groups at each end of chain B rotate in the opposite direction between 293 and 273 K. Their rotation almost stops below 243 K.
In the re®ned model of phase II the COOH groups present a more complex con®guration than the simple superposition of the two orientations observed for the C atoms in the chains. This is evident from the disorder (split) and large oxygen ADPs observed in this phase (Fig. 2a) . In phase III the COOH groups adopt rather distinct orientations on each side of the two independent chains of the asymmetric unit and, in addition, a continuous relative change of the COOH orientation was detected in one chain upon cooling. Owing to these observations one can postulate that a coupling of the chain movement along b II (or b III ) and the COOH group rotation might take place during the structure evolution, including the II A III phase transition, preserving the strong OÐHÁ Á ÁN bond linking C11 to HMT.
C11 C atom ADPs
In phase III the re®ned U eq values for the C atoms in C11 chains change almost linearly upon cooling and were ®tted by a ®rst-order polynomial U eq (T) = uT + v, where u and v are arbitrary coef®cients. Fig. 8 shows the inclination coef®cient u for each carbon. The u coef®cients for the atoms in the middle of the chain (C5a/C6a and C5b/C6b) are notably bigger than for the extreme ones (C1a/Cba and C1b/Cbb). Consequently, the ADPs for the terminal C1a/Cba and C1b/Cbb atoms are less affected by cooling than the ADPs for C5a/C6a and C5b/ C6b. In other words, the terminal chain C atoms behave like nodes and the central ones are the most susceptible to molecular vibrations. This probably indicates that the contribution of the internal modes for the ADPs in C11 chains is more relevant than any distortion caused by the relative movement between the C11 and HMT molecules.
O atom PDFs
In order to understand the nature of the disorder observed in the O2a,b and O4a,b atoms, an analysis of the anharmonicity as a function of the temperature has been undertaken. For the sake of consistency and direct numeric comparison, thirdorder anharmonic displacement parameters were re®ned for all eight independent O atoms in the structure. The most temperature-dependent C ijk coef®cients for each O atom (l) were determined by calculating the following quantities: 
